• AIM: To evaluate the efficacy and safety of vitrectomy with internal limiting membrane (ILM) peeling for diabetic macular edema (DME).
INTRODUCTION

D
iabetic retinopathy is one of the major chronic complications of diabetes mellitus (DM) as well as a main reason of visual loss. Diabetic macular edema (DME) is an ocular manifestation of the disease that causes vision deterioration [1] . It progressively decreases visual acuity (VA), with more than half of the patients losing at least 2 lines within 2y [2] . In addition to controlling blood glucose, blood pressure, blood lipids and optimizing internal medicine therapy, anti-vascular endothelial growth factor (VEGF) drugs, steroids, laser photocoagulation and pars plana vitrectomy (PPV) are the main methods of DME treatment. The retinal internal limiting membrane (ILM) is a basement membrane that defines the boundary between the vitreous and the retina. It consists of the internal expansions of Müller cells and a meshwork of glycosaminoglycans, collagen fibers, laminin and fibronectin called the cuticular layer [3] . Müller cells can migrate to the inner surface of the ILM and form a membranous contraction structure, resulting in the contractile force in tangential direction. As a basement membrane, ILM can serve as a framework for cell proliferation and is often involved in diseases that affect the vitreomacular interface management of DME. Several scholars stated a positive effect of ILM peeling during vitrectomy for DME. It has been hypothesized that ILM peeling has more favorable anatomical and visual results [5] [6] . However, some studies have reported minimal improvement of VA outcomes compared to baseline. The aim of this Meta-analysis is to explore the effectiveness and safety of ILM peeling adjunct to vitrectomy in DME surgery.
MATERIALS AND METHODS
Literature Review A literature review was executed to determine all relevant studies comparing the outcomes of vitrectomy with and without ILM peeling for DME. The PubMed, Embase, Web of Science, Cochrane, SionMed, ClinicalTrials.gov, Wanfang and China National Knowledge Infrastructure (CNKI) databases were searched for all articles systematically published before Oct. 2017. We have no language restrictions. The following terms were applied for the search: ("internal limiting membrane" OR "inner limiting membrane" OR "ILM") and ("macular edema" OR "diabetic retinopathy" OR "DME"). We manually searched the reference lists of all retrieved articles to expand our search. Differences between the two reviewers were resolved through discussion or a third reviewer (Ding YZ). Because not all selected studies were randomized controlled trial (RCT), nonrandomized trials were assessed according to the Methodological Index for Nonrandomized Studies (MINORS) on a scale of 0 to 24 [7] and RCTs were assessed as "low", "high" or "unclear" risk of bias according to the Cochrane Collaboration Reviewers" Handbook [8] . Nonrandomized trials with a score of ≥18 were considered to be of relatively high quality. Two independent reviewers (Hu XY and Liu H) assessed the quality and discrepancies were resolved through discussion.
Criteria for Inclusion and Exclusion
The inclusion criteria were as follows: 1) study design: clinical comparative studies that comparing the outcomes between patients receiving vitrectomy with ILM peeling and those without ILM peeling for DME; 2) study object: patients have been diagnosed with DME without age, sex, race limited; 3) intervention: studies included vitrectomy and included at least two groups (with and without ILM peeling); 4) follow-up time: studies with a minimum follow-up period of 3mo; 5) outcome evaluation index: the outcomes were evaluated with one or more comparisons as follows: rate of vision improvement, rate of CMT reduction, and complication incidence at the end of follow up. The exclusion criteria were as follows: 1) noncomparative studies, letters, abstracts, editorials, experts opinions and reviews lack of original data; 2) the results or relevant parameters of patients were not clearly stated and it was impossible to extract or calculate the data from the results published; 3) follow-up time of studies was less than 3-month; 4) only title related to ILM peeling while content was not mentioned; 5) articles repeated published or with duplicated contents. Statistical Analysis The Meta-analysis was conducted using Review Manager (V.5.3, the Cochrane Collaboration, Oxford, England, UK) and Stata software (version 12.0; Stata Corp, College Station, Texas, USA). We evaluated the effect and safety of vitrectomy with ILM peeling or not by three outcomes: data of functional efficacy, as assessed by the rate of vision improvement; data of anatomical efficacy, as assessed by the rate of CMT reduction; data of safety, as assessed by the incidence of complications. We analyzed the proportion among BCVA improvement, CMT reduction, and complication incidents as classified variables and calculated the odds ratios (ORs) with 95% confidence intervals (CIs). ORs were generally considered statistically significant at P<0.05. Heterogeneity was evaluated by calculating the I 2 statistic as well as performing the Chi-square test (to assess the P value). The I 2 statistic, refers to the proportion of total variation observed between the trials rather than the sampling error. Higgins et al [9] reported that the I 2 ranges were from 0 to 100%, and when I 2 =0, there was no heterogeneity in the study. A greater I 2 value means, a higher chance of heterogeneity.
An I 2 value larger than 50%, indicated a moderate to high heterogeneity. When no heterogeneity was detected, a fixedeffects model was applied, which meant that there were no variances among all studies. If any heterogeneity detected, a random-effects model, which caused wider CIs than the fixed-effects model, was used for this study. For a high heterogeneity result, a Meta-regression which calculated by an average summary value was applied to determine the source of heterogeneity. Some possible moderators were tested to explore the heterogeneity. Egger's regression and Begg's test were applied to detect the presence of publication bias. RESULTS Selection of Studies A total of 1461 articles were initially identified. We filtered titles and abstracts of these for potentially relevant articles, 1447 publications were excluded following the selection criteria and a total of 14 studies [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] were eligible for this Meta-analysis. The search process is illustrated in Figure 1 .
Characteristics of the Included Studies
In total 14 studies [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] , 857 eyes with DME (432 eyes with ILM peeling, 425 eyes with no ILM peeling) were included. Among the 14 studies, 8 studies [11, [13] [14] [15] [17] [18] [19] 23] were nonrandomized trials and 6 studies [10, 12, 16, [20] [21] [22] were RCTs. Two studies [12, 16] were conducted in China, six in Japan [10] [11] [14] [15] 17, 19] , two in Germany [20, 23] and one of each from Turkey [22] , Greece [13] , Korea [18] and Spain [21] , respectively. The characteristics are listed in Table 1 . Quality Assessment Among the 14 studies, 8 studies [11, [13] [14] [15] [17] [18] [19] 23] were nonrandomized trials and 6 studies [10, 12, 16, [20] [21] [22] were RCTs. Table 2 shows the MINORS [7] scores for the quality of nonrandomized studies. All nonrandomized studies scored ≥18 were identified as high quality. Other RCTs were assessed under the Cochrane Collaboration Reviewers' Handbook [8] . The opinion about each item of bias risk for included RCTs is illustrated in Table 3 , where most of items were at ''low risk'' based on Cochrane handbook, indicating that RCTs are of good quality. 
Meta-analysis of Efficacy Analysis
Visual acuity Ten studies [10, [12] [13] [15] [16] [17] [18] 20, [22] [23] including 491 eyes reported the rate of VA improvement. Besides Stefaniotou et al [13] and Hoerauf et al [20] judged VA improvement by an improvement in VA of ≥3 Snellen lines, other studies defined VA improvement by an improvement in VA of ≥2 Snellen lines. There was no statistical heterogeneity between the studies included (heterogeneity P=0.44, I 2 =0). Figure 2 shows the results of a Meta-analysis comparing the rate of VA improvement between the ILM peeling and non-peeling groups which indicated that the group of vitrectomy combined with ILM peeling had higher rate of VA improvement than the group of vitrectomy alone. Significant difference was detected between the two groups (OR=1.66, 95%CI: 1.12-2.46, P=0.01).
Compared with vitrectomy alone, VA could be improved by additional ILM peeling by 66.0%. Central macular thickness CMT reduction rates after surgery were reported in 4 studies [10, [12] [13] 16] including 194 eyes. Yamamoto et al [10] judged macular edema absorption by a standard of CMT reduction >20% confirmed by optical coherence tomography (OCT), Stefaniotou et al [13] established macular edema absorption by fluorescence fundus angiography, other studies defined macular edema absorption by OCT confirming CMT reduction >100 μm. There was mild statistical heterogeneity among the studies (heterogeneity P=0.19, I 2 =37%) which may originated from variations in the standard used to judge macular edema absorption. By using a random-effects model, it indicated that ILM peeling group could increase the CMT reduction rate nearly three times than the group of vitrectomy without ILM peeling and the difference was significant between the two groups (OR=3.89, 95%CI: 1.37-11.11, P=0.01; Figure 2 ).
Meta-analysis of Safety Outcomes
Compared with simple vitrectomy, ILM peeling with vitrectomy may add the difficulty of surgery and increase complication incidents. Ten studies [10] [11] [13] [14] [17] [18] [19] [20] [21] reported intraoperative and postoperative complications such as iatrogenic peripheral retinal break, epiretinal membrane (ERM), increased intraocular pressure (IOP), central retinal vein occlusion, neovascular glaucoma, vitreous hemorrhage and so on. We analyzed the incidence of complications overall and iatrogenic peripheral retinal break, ERM, increased IOP respectively. It is worth noting that, the heterogeneity test showed no significant heterogeneity between the two groups in terms of overall and single complications (heterogeneity P>0.05). As is shown in Figure 3 , we analyzed the incidence of overall complications and the results revealed that the two groups did not differ significantly in the regard of applying the fixed effects model (OR=1. Su et al [12] Unclear Unclear Unclear Yes Yes Yes
Bahadir et al [22] Yes Unclear Unclear Yes Yes Yes
Yamamoto et al [10] Unclear Unclear Unclear Yes Yes Yes
Hoerauf et al [20] Unclear Unclear Unclear Yes Yes Yes
Figueroa et al [21] Unclear Unclear Unclear Yes Yes Yes
Yes: Low risk of bias; Unclear: Uncertain of bias. 
Meta-analysis of diabetic macular edema treated with vitrectomy
DISCUSSION
This study, to the best of our knowledge, is the first Metaanalysis that evaluates both efficacy and safety of ILM peeling vs no peeling for DME. We reviewed fourteen comparative studies [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] involving 857 eyes. The pooled outcomes from our Meta-analys indicated that ILM-peeled group obtained higher rates of vision improvement (OR=1.66, 95%CI: 1.12-2.46, P=0.01) and CMT reduction (OR=3.89, 95%CI: 1.37-11.11, P=0.01). Additionally, the incidence of ERM was slightly lower in the ILM peeling group than the group of vitrectomy without ILM peeling (OR=0.38, 95%CI: 0.07-2.00, P=0.25), although no significant statistical differences for the incidences of overall and single complications were detected between the two groups. This study provides important findings that may help in the selection of surgical maneuvers. The prevalence of DM is globally increasing with a fast speed. As shown by data, DM had affected 285 million adults in 2010 [24] , and this figure is expected to increase to 439 million by 2030 [24] . Therefore, the prevalence of DME and visual impairment caused by DME is expected to increase substantially over time. DME, a diabetes-related ocular disease, is defined as an abnormal thickening of the macular associated with the accumulation of excess fluid in the extracellular space of the neurosensory retina [25] . The pathogenesis of DME is multifactorial: diabetes duration, insulin use or not, cardiac and renal failure, high blood pressure, obesity, high glycosylated hemoglobin, proteinuria and panretinal photocoagulation are implicated [26] . In the past few years, many therapies for DME have been proposed, such as focal/grid laser photocoagulation, ocular steroids, intravitreal anti-VEGF drugs and vitreoretinal surgery. Before the availability of anti-VEGF therapy, laser photocoagulation therapy was the standard treatment. Laser photocoagulation may be beneficial when macular edema appears, however, some scholars have reported that there are patients with DME who did not respond to laser therapy [27] [28] . Nowadays, anti-VEGF therapy is the first choice for the treatment of DME [29] . VEGF plays a key role in the development of DME. A decade of clinical trials demonstrated that, drugs binding soluble VEGF could restore the bloodretinal barrier integrity, resolve macular edema, and improve the vision of most patients with DME. Intravitreal administration of anti-VEGF substances is definitely considered to be the second pivotal breakthrough in the treatment of DME after laser photocoagulation [30] . Nevertheless, there are some unanswered questions about anti-VEGF drugs. First, so far, there is lack of data on potential side effects, especially in the long-term period [31] . Second, some patients reported did not respond to laser or anti-VEGF substances. Third, effective treatment requires repeated injections which can be a big burden for both patients and ophthalmologists while the risk of recurrence is inevitable. Like anti-VEGFs, steroids (fluocinolone, dexamethasone or triamcinolone) are also aimed at reducing vascular leak in macular with more complications such as secondary IOP rise and cataract but could not avoid the restrictions mentioned above [32] . For these reasons, an effective and non-repetitive treatment is needed. Vitreoretinal surgery can surely solve the question for laser-insensitive patients or patients did not respond to anti-VEGF or steroids substances and is the last method for the therapy of refractory DME. Many studies have demonstrated the efficacy of vitrectomy with ILM peeling for DME. While the use of ILM peeling during PPV for DME remains controversial. Gandorfer et al [6] suggested that ILM peeling led to an earlier and greater decrease of retinal thickness or to an earlier and better VA and can decrease the risk of subsequent ERM formation by eliminating a scaffold for proliferating cells. In contrast, Yamamoto et al [10] considered that the removal of the ILM in itself cannot lead to a better resolution of the DME. Our Meta-analysis is the second, as per our knowledge, to provide statistical results by comparing the VA improvement and CMT reduction to evaluate the effect of PPV with and without ILM peeling for DME. Different from the previous Meta-analysis [33] , better functional outcomes and additional safety outcomes were detected in this study, which was the characteristic of this study. Reasons led to the different results between this study and the previous Meta-analysis may be multifactorial. Besides the different indexs to evaluate VA improvement, the duration of diabetic, time of surgery, followup duration, levels of glycosylated hemoglobin and different surgeons may also be influential factors for the final visual outcomes in DME. In addition, it may take longer time to observe the efficacy of ILM peeling on vision, but long-term follow-up studies are largely missing. It is worthy noting that, when considering the results, the relatively limited powers of our Meta-analysis should not be ignored. Firstly, this study was limited by the low quality of the retrospective studies included. Most of the RCTs did not show sequence generation, allocation concealment or double blinding and were carried out with small sample size. This could compromise the efficacy of this instrument in controlling potential biases. Secondly, results of CMT reduction rate were only obtained from four studies, which may restrict its reliability. Thirdly, in each study, the follow-up duration was different, which may also lead to differences and corresponding biases. Therefore, the interpretation of the results could be affected. Finally, this study was limited to the use of published index, so papers, especially those published in languages other than English and Chinese, may not be included. However, in this study, we had the detailed plan before starting this analysis, the explicit standards for trials selection, and the accurate data extraction, which helped to minimize the likelihood of bias.
Leaving the limitations aside, we believe that the results of this Meta-analysis are credible. Vitrectomy is effective for DME and the effect can be improved by additional ILM peeling. In addition, ILM peeling could reduce the incidence of ERM, although the difference is insignificant statistically. Furthermore, the lack of prospective randomized study demands more study and evaluation in the future.
